Abstract
Maritime pine (Pinus pinaster var. atlantica) wood (MPW) of western Mamora forest was characterized by electrical impedance spectroscopy (EIS) measurements at room temperature (20 ± 2 °C) and under frequency interval of 40 Hz -100 KHz. One of the main applications of the SIE is the study of the fundamental electrical properties of materials in order to correlate them with the intrinsic characteristics of the latter. The double-DCE (ZARC) model was used as equivalent circuit for the MPW. The electrical impedance parameters of this model such as intracellular resistance (Ri), extracellular resistances (Re 1 and Re 2 ), relaxation time (τ 1 and τ 2 ) and the distributed coefficient of the relaxation time (Ψ 1 and Ψ 2 ) for the MPW specimens were determined. http://www.jmaterenvironsci.com/ or pink colour sand layer. The average annual precipitation is 500 mm and the average temperature is between 15 and 23°C. From the felled tree a log at 3m stem height was sawed into planks of 60 mm thickness. From sound planks, specimens for the electrical measurements were cut into square pieces of 40 mm and 2 to 4 mm of thickness in longitudinal direction to the growth ring, and gently smoothed by sanding ( Figure 1 ). For physical measurements (moisture content and density) specimens were cut into cubic pieces of 20 mm. All specimens were free of cracks, discoloration, biological attack, insect holes and other defects. In study wood samples was analyzed under normal laboratory conditions ( Before the impedance measurements the samples were weighed and the dimensions were measured. After the impedance measurements, the specimens were dried at 103 ± 3°C for 24 h and weighed. The dimensions, moisture content and densities were measured with 0.1 mg accuracy in weight, and 0.02 mm for dimensions. All specimens were kept in the same chamber at the same ambient conditions. The moisture content (MC) of specimen was calculated with:
Where, M H is air-dry mass before the impedance measurements and M 0 is the oven-dry mass after drying at 103 ± 3°C for 24 h.
Impedance measurements
Indeed, relaxation and / or polarization of the excited materials are caused by the alternating current. The physical parameter varies with the frequency of the applied voltage; this may be due either to the physical structure of the materials or to the chemical and physical processes which occur within the subjected material. Thus, an impedance measurement over an appropriate frequency range offers the possibility of relating the measured electrical parameters to the physical and chemical properties of the materials. The EIS measurements on the MPW samples were carried out at ambient temperature with two copper circular electrodes placed directly in contact with the material without the use of conductive gel. The two electrodes were connected directly to the impedance measuring device (Hewlett-Packard LCZ-meter 3330), with a frequencies ranging from 40Hz to 100 KHz.
Electrical modelling
It has been proved in several previous studies that the frequency response of biological tissues [15, 16, 17, 18, 20] such as wood cannot be adjusted using simple elements such as resistances (R), capacitances (C), inductances (L) or diffusion impedances. This frequency dispersion is often described as a change in capacitance and is expressed in terms of Constant Phase Elements (CPE):
Where C is the capacity, ω the angular frequency, Ψ the distribution coefficient of the relaxation time and i the imaginary unit. In this study, the double-DCE mathematical model (ZARC) [21] which is illustrated by an equivalent scheme was fitted to the data. The DCE double model (ZARC) comprises two distributed circuit elements (DCE) in series with a resistance (R∞ = very high frequency resistance) (Figure 2 ). The DCE element includes a constant phase element (CPE) in parallel with a resistor (R): 
Results and Discussion
The electrical impedance spectra of MPW were measured in the laboratory in the way described above. The behaviour of the imaginary part of the impedance (Z i ) as a function of the real part of the impedance (Z r ) for the MPW at ambient temperature is exhibited in figures 3. The impedance spectrum of every sample had a double arc in the form of parabola where the top corresponds to the frequency value characteristic of material f c and the intersection of the parabola with the x axis gives R ∞ and the R e . It is noteworthy that the experimental curves (in dotted lines) coincide perfectly with the curves (in solid lines) deduced from the double DCE model (Figure 3) . The knowledge of the experimental values for each frequency of the real part of the electrical impedance (Z r ) and the imaginary part of the impedance (Z i ) or the real part of the admittance (Y r ) and the part (Y i ) makes it possible to deduce the dielectric constant (ɛ) and the electrical modulus (M) as a function of the frequency by a simple calculation, taking into account the geometrical parameters of the samples. Thus, the real of the dielectric constant (ε') and the imaginary part of the dielectric constant (ε'') for the MPW as a function of the frequency at ambient temperature is shown in Figure 4 . 2) fits for the PMW specimens under normal laboratory conditions were clearly depicted in Table 2 . Parameters R 1 , τ 1 and ψ 1 represent a higher frequency arc and R 2 , τ 2 and ψ 2 the low frequency arc of the spectrum. 
Conclusions
Within this study, SIE method was used to examine the electrical properties of MPW at room temperature (20 ± 2 °C). The Double-DCE (ZARC) model was used as an equivalent circuit. The impedance spectra of MPW consisted of two arcs in a complex plane between 40 and 100 KHz. The experimental curves (in dotted lines) and theoretical (continuous lines) curves deduced from the double DCE model coincide perfectly. The double-DCE model fitted the spectra well.
